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1
Thin paper dencribeo the elactricel deelgn, lmple-

errtetlon, nnd operational remulta of a high fldality
feedback regulated) 800 A, 10-kV hard tube, hot deck
mpliflar.

The amplifier cmn produce any ltrrear wavafora ta
800-A for 30 me and bmyond (dapendlng on min enersy
Ltorage). The preuent uea le to drive tha vertical

1

leld (VF) control ulndlnga on ZT-40H, n toroidal
evevned t leld pinch plasma phymicn ●xpe:tment.

klthough cur nppllcntlnn requiren only 10 kV (8 NU) of

i

witching, anode voltage may be no high ●e 40 kV

1

32 NW).

The hot deck cnnelste of a eolld ❑trite drlvcn, twa
tnge, 200-kW tube nmpllfiur driving four parallel
I,R610 ma~nctlcnlly be.mcd output trtoden. All pnwcr
uppllen, ●nergy etarngc, nnd crrntrolm for the drlvern

kre locnted tn the hot deck. The nrrlld mtnte ampllft-
kra nnd flrat tuba mtnge are cnntntned in nrr lnternnl

k
ot deck (hot deck wlthln n hnt deck) tilth cnntrol and

, rror alsnnln Orl Rlnntlng nt qrnund potenttnl vla flher
optlcn. Thr ●rror ●Igwl In Rerrrrmted hy ~rrur nnd
loop compcnnattmr nmpltfierrn nenr che hot deck, with
~tbe voltngc re[erence nrlglnatlng frrm thp ZT-40H
rnntrol raom (fiber cuuplcd). All flher Ilnkm rrre of
the FM type with a III. tn 1 NW b ldw!dth thnt do not
●n>tbl~ drift or req,,lrr rernllhratlnrr for cnrrla length

~han,~en ae occurn with AH lirrkn.

I
I

The hnt deck ampllflrr compnrrerrrm nre rnnlnlned In
n 512 cuhlc font (FIwflMS) ruum. TIIe drck Itmelf
reqnlren 84 ruhtc feet (IU4Xl). It III Inmulnted
(~uppnrted) fr[m n ~lnlntrul frnmewnrk helnw the deck.
‘knt~runl t u :he nmpllfler rune are CIIC lnt~rlock
contrmln. 4fltl-V nc hrr.tkerm, the ❑nlrr ●norgy nource and
the chrrrRlllR cuntruln.

ThrI ampllfler my~tfim rxhlhltn n fW-kllR npcn Il)nfl

hnnduldth. Th@ mnnlm!!m effertlve clnnrd lnqr hnndwldlh
lm nlew rnte Ilml ted to 10 hllz hy tll~ chnmcn nnndm
Vnltnao, vnrtlcnl flold rnll Indurtnllrro nrrd relntmf
nhtwrt rmlfitnnce. Thr mltptlt wnvrfnrmn nre “II I gb
f!d~llty” with rw olrnorvohln nnn Ilnrnrltlrn or nv@r-

lnhoat with trlarvRle rrr qunre wave tent nlgrraln.

RI,RCTRICAL IW.SIGN!4——.—- ---- -

Shown In FIR. I in lhc hlnck dlngrnrn nf LIIP Ill)t
dock nm, llfler ~yrnt~m. TIIe mwrfiy nuurrw tm prwldml

from n fl%k.1, lo-k!” c~pncltnr brink lm ltm pronont
con flgllratinrr. Th@ hot tf?-k. rrrolvon nll Itn pownr
frt~i low rnpnrltnnre (11.V, ,nnulnt~d) fllnmrnt nnd
‘rmrtrol trnrrnformrrn. Control niRnnlfi nurh nn thr Rntm
durmtlon (err/nff), mrrur loputt nnd lnterlnck fnnrrlnrm
n r- couhlrul tn ihe nimrrurrinte hnrdwrrr via flher

nptlcn. “The IO-V onlp!!t-nht~nt r~alntor In rqulrd tnl

Iimlt th vnltngm lr*c@lemt rrn turm-nff and frrovldm mII
●IIIIal rmto of rurr~nt doray an that provldml durlna
t ttrn-nn. TIIe 100-IIII V# lIInd rotl rmnnlntn uf multiple’
ulndlnan uuund tnruldnlly around thm 7.T-4ott mnrhlne. I

I
-----

~U-ntik”“ ‘ perlnrmmd \lnd#* 1’ 111? Irlllrplrmn nf LIII*
11.S. I)epnrlMmllt !)[ Enmrny.

I

I
LT OF M 800-A, 1O-KV HOT DECK AHPL[F[ER*
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elgnal. The error qlgmal 1~ ,It. rlvnfl hy compnring the
VP coil current (from CVR) , nnd n reference waveform.

The Internal compane,ltn of the hnt deck are
depicted in Fts. 2. The driver ampltfiere connlet af n
noltd etnte driven 3-1000 floatlng deck amplifier nnd n
,ICXIOOOOA7 cathode follower. Thin dealgn 10 direct
roupled ..nd ifoen not require power cuneumlnR level
:shtftlng terhrriqtmn. Tn prov[do n htgh current, lang
pulha nut put wlthaut Ijtl ryclo Wj,l,llntlnn, ffc fllnment
,auppliem are rmed. All atntlc pwcr fur the drtverm
such as cooling, dc filnment, interlock, nnd ❑olld
atnte ●lectronic nre derlvrd frum lhr lndlvldunl
etngce lnw capncitmnce (w Innulmted) fllnmerrt
,trnrrnformer. Bfna and B+ capncitor bnnkm provide cht.
,en~rgy titnrnge for the drlvcrm. The output ti14RfLlRn nrr
apllt into two patrn, with ,*ncll pair recetvlng Itnl
fllnment power un n differ..nt phane. To prcventl
filament breakage 1111 l.mg nqunre pulnem, It ~“1

necene.lry tn remlnttvcly bnllnnt ●nrh Cllnmrnt termlnnl!
to tho output (hot deck) common. With A nlnqle endrd ‘
output connect tnn; it ❑ny bc thnt the ~Rnrtlr fleld~
genernted hy the “unlpolmr” current thruugh the;
,fllnmvnc rod, coupled wllh the prapcr mc fllnment!
,current phnnn and the ntnclc dc Flrld, 1s eufflclent to!
lcnuae filament fnllure.

I

To provide the rwcenmnry ~.rttrrg nnd vottnRr drivr;
1

,tn the 3-IO(M), n rnnventlonnl rnnlld ntmlenmpllllrr In’
,u~cd (FIR. 3). Cnmmcrrially nvnllnhle opIlr llnkn unrtl
for the orrur mlnnnl hnve a I-MIIz hnndwldlh with n 1,
volt mnlmrm Ou,put nnd h[)-dh dynmmlc rnngv. Thr
,1- I()[JO mmpllfler In hufferwd hy LIII. ICXIIIO()(I!IA7 rmthndo
~fnlluwcr thnt cnn provldr In I~nrFnn nf 60-A pcnb
Icurrent to the ilhl~ grldn. To prvven[ high freq~wnry
!onrtllntlnn, nn L-R “lHl” nrtwnrk in un{,d nn all t~ibt.
‘grld#. I

An nlgnlflcnnt cnuplirrg onl~tu hrlwren the VF cnll
rrrm~ plnnmm, CIILI oxnrt nnlurr nt tlw rOrlr(.td Impcdnnci
connnt he unmily doto,rnlnvtl. TIM. tmlledllllw w.IIIl(t nlqn
cllllllflv for dlrfcrrnt plnnm,n rIIIIdlll IMlrr nnd r!lrrwnt-.
Tn vnnfi nymtrm prrlnrmnnro m.,tnllr,.mont , nd}IIUIWIIIt , and
drtrlgn, the rrrur mnd Ioop CI mpnnl~ntlrm nmpllflern nr~i,

lorntrd nt ground potpntlnl. To nlmpllly c!lmpr!lnnttnm,!
n nlnnl~ dnmlmnrrl pl}lo npmtl 11.IJp g.-rln wnm ttrnlrud.
Trarrm In thru Id mlI(Iw tlw mpon lIMIpp~rfnrmnnr~ Intu n,
r.lnlntlve lnlrd . ThrI !Op w*v@f(!rmn nr~ the drlvtnn
vo!tng~ (1 vult/dlvtnlnn), tlw h,j!r,jm tlat-rn rh~ Rnt(.d

~l~ltpllt (11)00 V/d Iv) wave furrn. Th~’no tra,.m tndlrntp II
fln-ktlz furwtrrd Innp hnnduldth with m nlnnlr PIII,. ”
r,~npmnrre. The ~ntn nlnpo fit hl~hvr fr~qurnr-n dld not,
❑liuw nrry prrul tar rhnnRrn O 1

UnlnR tho error And limp r,ml,mtlmnt Inn nm~llflorm~
(Fig. 4) tII mrnsuro lnop rhnrarl-rlntlrn, tll~ 10I~p ~nmi
hrokerr nl TPI and Ah g~von n Rain !)f 1. TIIO gnln nf Al

‘t- rhun@rv tn Rlw nur nyntom n trntlnr,~ndtirtnllt-c of 21W
,A/vmlt. The mnlld ❑tale nmpllfl~r Rnln iII thr 1-111110’
wnn thrwr IIl!]llIIt@ll tn RIVP II lIll)p Rntn d I . TIMI Rninl
inf A4 wnn tlm rhonen tn provldo a fnrwnrd lIMIp Bnln nfl
126 dh. The r~f~rcnro VI)lInEm wnw. furm hnnduldtll In

‘Ilmild to nhnut ) kiln (.022 ufd h I ku) nn Al (-rrnr
amp) dn~ 10 rmlfitlvely pwr nl*mnl to nnlqn rnt tnn of

Ithe FM fth~r llnkn (-40 dh). TIIO Ilmlrd rpfmrrnro
,hmtwtdth Slvmn the nppmrr,ture uf n rlllnld Il)llp
hrrndwldth of 7 ~ltR, UIIII thn VF 11111I IIWVI tnn!~n~l i~f n

Idumrny Iwrd rnll, tr,vlhlo unn oRpmrlmnred with cloned
Ion ~mplifl~r ❑tnhlllty (trnr~ 2).,P

1“.111.,
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To facilitate the required chanBes in
rmzpeneat ion, varioua adjuntmenta of the loop reaponee
rnre provided by Rl , R2 and R3. Compeneatlon on A4 (R3)
uae required to prcvldc the eajor pole in the forward
10MP due to a 50-kHz parallel resonance in the VF coil
very cloee to the uncompensated open looP 3-db
bandwidth. Trace 3 ehowe the cloned 100P amplifier
Eidelity drlvlng the VF coil with a 300-Hz triangle

ave. An excellent match between the reference (upper

rnce) and the gated outp,,t (lower trace) chow the

thieved calibration of 200 A/V. Cwtetandins fidelity
nf ~~ne, tr’angle end aquar” wava teet aisnala can be

~bnerved on tracee 4, 5, And 6. Square pulse reapwrrre

etailing the rieetime (- 40 ~a) of a SOO-A and
lat-topped 800-A pulses la depicted In tracee 7 and 8.
ypical wave forma for low plaeme currents (- 120 kA)
an be viewed in i.-ace 9. The upper trace ie the

kef arence voltage f roe the ZT-40H control room
k2V/dir): the lower trace, VP coil current (200 A/dtv).
h characterlat~c output required of the ampl~fler
&OO-kA planme current In dteplayed by

I

trace
100 A/dtv).

at
10

I

I

I

TIM I= In: l-kiln open loop rc~pmrno
Top: I V/dlv Bottnql lllUO V/dlv

I

1

I

I

I

.—

Trace lc: 50-kHz open loop.

Trace ldl 70-kllz npun lnop.

I

1

I

I

1’,!11,,
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Trace 3: ]UO-HZ cloned loop into VF Coil
T: V raf 1 V!div BI Cated output 200 A/d~v

Trace AI 2-kllz Slnewnva Intn VF CO1l
I(KI A/dlv

Trace II I-kll}. trlnn~le into VF cot 1
IUO A/dlv

-..

Treca 6: 500-Hs !iquarewav I into VP COil
100 A/dfv

Trnca 7: 51N)-A qqunr!! pu I ne to lJF’
5[) lrl/dlv 6 I )(1 A/all V

Trnre R: SO(;-A !!q,mro pulmm to V1’
!IOU lie/dlv & 2(NJ A/d I v

,,, ,
I’.llp,
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Trace 9: Ampllfler output with 120 kA plasma
1: V ref 2 Vldlv B: Output 200 A/div

2 natdlv

I

I

I

Trnce If)t Ampllflrr oulput wttl 4(11)-kA plnrima
51)1) lln/div 6 100 A/div

I

I
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To reduce coat, maximum unage of irx-houne parta
and home built cnmponenta were used when poaaible. fie
design of the hot deck untatrut support atructl~?e and
high current filament transr,, rmers CJ),l M viewed ir
photograph I . An over bend view of the hot deck (photc

2) glvee a good indication of itn ~ixe of a 4 ft. xfldth
and a 7 ft. length. The 3-1000 floating amplifier la
neareet (see phote 3 ●lao), with the larger 3CX1OOOOA7
cathode follower next to it. The MLl1618s are located
nt the far end, Partially olxacured by the coollna
blowers. The drl~are energy ●tornge and charging

eyatems are located in the rear of the hot deck. Grid
~Q component and cooling blowers next to output tubes
can be seen in Photo 4.

I CONCLUSLIJN—.

The dealgrr, conatructlon and Cahrira?!en of the
lot deck ayatem proved to ba aatiafying in all
reepecta. For our mpplicatlon, it proved to bw an
excallent deaigrr with our available in-house
components. Improvements cuuld be realiaed in
packaging and replacement OC the 3-1000 floatirra
amplifier with a totally solid ?tate unit. Having mat
all the requlrementa of pulse fidelity ●nd current, we
inve furt!lcr teated lta capabilltiea to 1200 a*perea
oulput curr~ot. Ulth the exp~rience Rained i~, the
Implementation nf thla ayetem, a solid foundation hae
been laid for improved dealgnn for the next generation
ayatem; a compact 26-NW VF ampllfl~r (22 kV@1200 A) for

1

~~ -z~;pw;~$) ,core revarned field pinch machine

I

,,,
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Photograph 2 t overhand la of lint deck ar~!lfier.
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flo~tl& Iimpllfier internal to liotd, ~ek.

41 View of HLRfi 8 agfietlcmlly be~wd trlwk.
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